The genus Aeromona8 was established by Kluyver & van Niel (1936) for pseudomonads fermenting carbohydrates with the production ofcarbon dioxide and hydrogen. Since von Wolzogen Kiihr (1932) had previously shown that a xnember of this group, Pseudomonas fermentan8, gave a positive VogesProskauer reaction, the existence of a butylene glycol fermentation in the genus was suspected, although the absence of exact data on the products of fermentation left this point unsettled.
During the course of an intensive investigation on the bacteriological production of 2:3-butylene glycol (Adams & Stanier, 1944) , it seemed desirable to make a somewhat closer study of this little-known Aeromona8 fermentatior.. The recent discovery of polar flagellation in P. ateu8 hydrophilus (Kulp & Borden, 1942; Guthrie & Hitchner, 1943) , taken in conjunction with its fermentative abilities, mark this organism as an Aeromonas species, and since cultures were readily available it was chosen as a representative of the group.
MATERIALS AND METHODS
Through the kindness of Dr WV. L. Kulp and Dr E. R. Hitchner we obtained a number of strains of Aeromo8as hydro-phila. Preliminary analyses having shown that all these organisms were capable of producing substantial amounts of ethanol and 2:3-butylene glycol from sugars, a strain with particularly vigorous fermentative properties was selected for more detailed quantitative investigations.
The basal medium employed consisted of yeast extract Langlykke & Peterson (1937) . After extraction of the alkaline solution with ether, it was made acid and reextracted with ether to remove the organic acids, which were taken up in water again after removal of the ether. The acid extract was steam distilled and the volatile portion estimated as acetic acid by titration. The non-volatile fraction contained lactic and succinic acids. The former was determined by the method of Boyland (1928) , the latter by the formation of the silver salt. Pyruvic acid, when present, was withheld from going into the ether acid extract by saturating the solution with sodium bisulphite. Ethanol was determined by dichromate oxidation, following fractional distillation of a measured fraction of the fermentation solution.
Pyruvic acid was determined manometrically by ceric sulphate oxidation (Krebs & Johnson, 1937) . Xylome estimations were carried out by the copper reduction method of Schoorl (1929) . Glucose was determined by the Hanes (1929) modification of the Hagedorn-Jensen procedure.
RESULTS
Carbon balances were obtained for the fermentations of glucose, xylose and pyruvic acid. An attempt was also made to study the fermentation of mannitol but, largely owing to the slow and incomplete attack on this compound, a satisfactory balance was not obtained.
Fermentaion of glucose. The products of glucose fermentation by A. hydroph.ila are shown in Table 1 . The main organic ones are always butylene glycol, ethanol and lactic acid; in addition, smaller amounts of acetoin, acetic acid and succinic acid are found. Fluctuations in the quantitative relationships between the various products may occur from one experiment to the next; thus, C02 production can vary from 140 to 170 mol. per 100 mol. of glucose fermented, with concomitant differences in the relative amounts of C. and C3 compounds. The ratio of butylene glycol to ethanol can also fluctuate over quite a wide range, although it is usually about 1: 1 on a molecular basis.
In order to establish beyond doubt the nature of the glycol produced in this fermentation, a small sample was isolated and characterized. About 15 1. of a fermented yeast extract-glucose medium were FeCl3 gave a good yield of diacetyl, which was characterized by the melting-point of its bis-phenyl hydrazone. The production of diacetyl on oxidation proved conclusively that the glycol was 2:3-butylene glycol. Judging from its optical rotation (-0.970), it consists of a mixture of the 1-and meso-forms with a prepo' lerance of the latter. Thus it differs both from tho 2:3-butylene glycol produced in the Aerobacter fermentation, which is a d-meso mixture, and from that produced in the Aerobacillus fermentation, which is the pure 1-isomer. Fermentation of xylose. compound which is subsequently decomposed in a manner similar to that operative in glucose dissimilation. Unless one is willing to assume the production of CO2 from a C2 compound-r-a reaction unknown in fermentative processes-a simple calculation shows the necessity for this assumption. Were the end-products of pentose fermentation derived directly from the fragments of a C3-C2 split, the CO2 production could not exceed 100 mol./100 mol. of pentose fermented, since no CO2 could be derived from the C. fraction. Furthermore, the production of C3 compounds will reduce this possible maximum of CO2 production by an amount equivalent to the number of mols of C3 compound formed. In the experiment shown in Table 2 , the observed C02 Thus the dismutation of pyruvic acid by A. hydrophila belongs to the type demonstrated for heterofermentative lactic acid bacteria (Nelson & Werkman, 1936) and for staphylococci (Krebs, 1937) , with the difference that in the latter fermentations there is an equimolecular production of the two acids and consequently no hydrogen formation.
The dissimilation of pyruvic acid by A. hydrophila differs notably from that which occurs in the other two bacterial groups where one finds a butylene glycol fermentation. When growing anaerobically on pyruvic acid, AerobaciUus polymyxa produces principally acetoin and acetic acid (Adams & Stanier, 1944) , while under similar conditions Aerobacter aerogene8 gives rise to butylene glyocl and acetic aoid (Mickelson, Reynolds & Werkman, 1936 Thus there are at present three morphologically widely separated bacterial families-the Enterobacteriaceae (Aerobacter and Serratia), the Bacillaceae (Aerobacillue) and the Pseudomonadaceae (Aeromona8) in which a butylene glycol fermentation occurs. In each family there are also organisms which carry out entirely different carbohydrate fermentations; in the Pseudomonadaceae, the alcoholic fermentation of Zymomona lindneri: in the Enterobacteriaceae, the mixed acid fermentation of Escherichia coli and other species: and in the Bacillaceae a wide variety of dissimilatory processes (acetone-butanol, acetone-ethanol and other fermentations) performed by various organisms.
This absence of correlation between morphological and biochemical characters is of considerable interest from the standpoint of comparative biochemistry. It suggestsvery strongly that the present fermentative mechanisms for the dissimilation of carbohydrates have developed independently along similar lines in different branches of the bacteria. This hypothesis is supported by the slight but significant differences which characterize a particular fermentation as carried out by organisms belonging to different morphological groups. A good example is the differences in optical rotation of the butylene glycols produced by Aerobacter, Aeromonas (Blackburn, Carter & Phillips, 1941) it was shown that wool and silk fibroin could be O-methylated either by contact with methyl bromide or iodide at room temperatures, or with methyl sulphate in buffers within the pH range 2-5-8-5. With both proteins the number of CH3 groups introduced by repeated treatment with methyl sulphate was greater than could be accommodated on the free carboxyl groups of glutamic and aspartic acids, and it was suggested that certain 'activated' peptide linkages methylated as well as the free carboxyl groups of the salt-linkages. CH3I
and CH3Br introduced fewer COH groups into wool and silk fibroin than did methyl sulphate.
The present paper describes the extension of this work to the methylation of collagen and gelatin by similar methods, and the methylation with methyl sulphate and CH8Br of wool which has bieen chemically modified by alkali, acid, nitrous acid and formaldehyde. In addition, the siaultaneous acetylation and methylation of wool, silk fibroin and collagen by the combined action of methanol and acetic anhydride has been investigated.
METHODS
Methylation of collagen and gelatin with methyl suphate and methyl halides
The collagen used in these investigations was a limed hide which had been delimed with acetic acid and then dehydrated in acetone. The gelatin was Coignet's Gold Label.
The methylation procedure was similar to that described for wool and silk (Blackburn et al. 1941) , with certain modifications to suit the properties of collagen and gelatin. Both proteins were cut into small pieces and acetate buffer was used for the methylations with methyl sulphate. At the end of each period of methylation about 1 g. of collagen was removed, washed in three changes of water and then shaken mechanically with water (25 ml.) for 1 hr. It was then dehydrated with acetone, air-dried and conditioned.* The moisture content of the collagen, the physical properties of which appeared to be unaltered, was determined by Barritt & King's method (1926) . During methylation, the gelatin absorbed water and swelled greatly. The resulting gel and solution was dialyzed in cellophan against water for 3 days, the water being changed frequently. The resulting gelatinous mass was dried in vacuo below 60°. Slyke, 1932) . The methylated gelatin * All proteins described in this paper as conditioned had been exposed to a controlled atmosphere of 210 and 70% R.H. until they attained a constant weight. Although all the analyses were made on the conditioned proteins, the results are recorded as percentages of the anhydrous material.
